Pawlowsky (8) demonstrated that the dissemination into the blood stream of staphylococci injected into a previously inflamed knee joint was either inhibited or wholly prevented. The studies of Issayeff had shown that peritonitis caused by a sterile irritant increased temporarily the resistance of the animal to subsequent intraperitoneal inoculation of bacteria (9) . Willis (10) studied the dissemination of tubercle bacilli from the site of cutaneous inoculation and showed that in reinfected guinea pigs the spread of tubercle bacilli from the site of inoculation is retarded, whereas in normal animals the organisms pass readily to the regional lymph nodes. Recently Opie (ll) has shown that acute inflammation of the peritoneal cavity caused'by aleuronat retards the rush of injected hemolytic streptococci from the peritoneal cavity into the circulating blood and after enduring 24 hours completely prevents it.
In this communication further observations are presented concerning the behavior of particulate matter and of bacteria at the site of inflammation when injected intravenously or directly into an inflamed area. It is believed that by such studies valuable information may be *Read before the American Association of Pathologists and Bacteriologists, Cleveland, April 2, 1931. obtained concerning increased capillary permeability in inflammation and the consequent localization of bacteria when reaching a point of injury from the circulating blood stream. Previous investigators (8, 11) had studied the dissemination of bacteria from the site of inflammation'by recovering the organisms in the blood stream. The local state of affairs was not studied. In the experiments reported in this paper evidence is presented to show that the failure of bacterial dissemination from the site of inflammation is due to fixation in situ of the microorganisms.
Fixation of Particulate Matter at the Site of Inflammation
An acute inflammatory reaction was induced in the foreleg of rabbits by the subcutaneous injection of S cc. of a mixture of 5 per cent aleuronat and 3 per cent The results of these experiments are shown in Table I . It is clear that whereas carbon particles injected into normal tissue passed to the tributary lymph nodes, this was not true when they were injected into an area of subcutaneous inflammation.
The attempt was next made as in experiments with other foreign substances (1, 2, 3, 4, 5, 6) to determine whether India ink injected into the circulating blood would rapidly enter the inflamed area. No satisfactory evidence to that effect could be obtained. It is well known in this connection that India ink adheres to the endothelial lining of capillaries. Kusnetzowsky (12) , however, recently reported that as the vessels became more permeable in areas of inflammation partides of India ink may make their way through the endothelial wall into the extracapillary spaces where they are taken up by the polyblasts. Graphite ink (Hydrokollag "300") has the advantage over India ink of not adhering to the vessel wall (13) . For this reason experi- ments were performed to determine whether such particles accumulate and are fixed in an inflamed area.
An acute inflammation of the peritoneal cavity was induced in rabbits by the injection of 10 c~. of an aleuronat suspension. After a variable interval of time 5 cc. of diluted graphite ink was injected into the inflamed peritoneal cavity of the experimental animal. The same quantity was injected into the peritoneal cavity of a normal rabbit to serve as control'. Several hours later the animal was killed with ether and the retrosternal lymphatics and nodes examined for the presence of graphite deposits. Two experiments were also performed with India ink.
The results are shown in Areas of acute inflammation were induced by injecting 0.1 to 0.2 cc. of 10 per cent croton oil in olive oil into the skin of the abdomen of a rabbit. Several hours later 10 cc. of graphite suspension diluted in 0';9 per cent saline was injected into the ear vein. After a variable interval of time the animal was etherized and the inflamed as well as the normal skin areas were studied for the presence of graphite deposits both by gross and by subsequent histological examination. In two experiments (Nos. 2 and 6) Staphylococcus aureus instead of croton oil was used as the inflammatory irritant. In Experiment 3 inflammation was induced by subcutaneous injection of concentrated broth into the extensor surface of the foreleg about 2 cm. from the shoulder joint.
The results of these experiments are shown in Table III . The inflamed cutaneous areas displayed in a striking manner graphite deposits usually at the periphery of a central necrotic region. Histological examination of such inflamed areas of about 24 hours duration showed the graphite particles to be completely taken up by the cells of the inflammatory reaction. It was of some interest to note that these particles were in most instances phagocyted by polymorphonuclear leucocytes. Within the lumen of blood vessels a number of leucocytes loaded with graphite particles were often observed. The question arose whether graphite particles injected into the circulating blood are brought to the site of inflammation entirely by leucocytes or whether capillary permeability is sufficiently increased to allow also some of these relatively large particles to pass through the endothelial wall. To settle this point histological examinations were made of skin areas in which the duration of inflammation was only about 6 hours (Experiments 2 and 3). Careful studies under oil immersion magnificaFic. 1. Camera lucida drawing, showing passage of graphite particles through capillary walls into area of inflammation (about 6 hours duration). Magnified approximately 970 ×.
tion revealed many capillaries with free graphite particles within their lumina. Some of these particles seemed evidently in the process of passing into the extracapillary spaces. In the tissue spaces many of these isolated graphite granules were found surrounding the capillaries. Only occasionally in such regions could carbon particles be seen within polymorphonuclear leucocytes. An area of this kind is illustrated in the accompanying drawing ( Fig. 1) . It is evident therefore that where the inflammatory reaction is of short duration the passage of non-phagocyted graphite particles through the capillary wall can be readily demonstrated. Since no such evidence is obtained in sections of normal areas, the observations indicate that with inflammation the capillaries become permeable to particulate matter.
STUDIES ON INFLAMMATION. VII

Fixation of Bacteria at the Site of Inflammation
Experiments were devised to determine whether bacteria would be fixed like carbon particles by the inflammatory reaction. The organism studied was Bacillus prodigiosus. In a few experiments Bacillus pyocyaneus was used. The selection of these microorganisms was due to the ease with which colonies on solid media could be identified for counting by the characteristic red or green pigment they produced.
An inflammatory reaction was induced in rabbits by the intraperitoneal injection of 10 ce. of an aleuronat suspension. After a variable interval of time 1.5 to 3 cc. of a saline suspension of B. prodigiosus was injected into the peritoneal cavity. Several hours later the animal was killed with ether and the retrosternal lymphatic nodes removed under aseptic precaution. These were ground with 1 cc. of physiological saline. 0.1 cc. of this extract was inoculated in each of two agar slants by means of a sterile pipette. Uniform distribution of the inoculated material was secured by reclining the tubes horizontally for about 30 minutes before placing them in the incubator. After 24 hours the tubes were exposed to light at room temperature to accelerate the development of the characteristic pigment of the colonieS. As control to this experiment an equal amount of the same saline suspension of B. pro~tigiosus was injected into the peritoneal cavity of a normal rabbit after which precisely the same technique was used as in the experimental animal in culturing the retrosternal lymphatic nodes. The colonies appearing on the surface of the tubes were in many cases easily counted. When they were very numerous, they were estimated by wrapping about the tube a piece of paper in which square openings of various sizes had been cut; the colonies in these square areas w e r e counted through a magnifying glass.
T h e results are shown in Table IV . I t is clear t h a t in every experim e n t the n u m b e r of colonies recovered from the retrosternal lymphatic nodes draining a normal peritoneal cavity was m u c h larger than the n u m b e r of colonies from the nodes draining an inflamed peritoneal cavity. The acute peritoneal inflammation evidently prevents the rush of injected bacilli to the tributary lymphatic nodes. These observations are in agreement with the results of Opie mentioned above on injected hemolytic streptococci (11) . * The site of inflammation was located in the peritoneal cavity; see Experiment 1, Table IV , for related data on retrosternal lymph nodes.
Experiments were set up to determine whether this failure of bacterial dissemination to the t r i b u t a r y l y m p h nodes was actually due to retention of the microorganisms at the site of inflammation.
3 cc. of an aleuronat saline suspension was injected subcutaneously into the extensor surface of the foreleg of a rabbit, 2 or 3 cm. from the shoulder joint. After a varying interval of time 0.25 cc. of a saline suspension of B. prodigiosus was injected into the inflamed area. An equal quantity of this bacterial suspension was injected in the corresponding normal area of the opposite foreleg to serve as control. A few hours later both the inflamed and the normal areas were removed under aseptic precaution. Each area was weighed in a sterile petri dish, and then ground in a mortar with sand and a volume of saline corresponding to ten times its weight in grams. The extract was diluted ten times with sterile saline and 0.1 cc. of this dilution was inoculated in each of two agar slants. The number of colonies was obtained, as described above, by counting them through an aperture of definite size cut in a sheet of paper wrapped around the agar tube. Experiment 3 represents results obtained from a rabbit which had received an intraperitoneal injection of aleuronat followed by 3 cc. of B. prodlgiosus suspension. An equal amount of bacterial suspension was injected into the normal peritoneal cavity of a control rabbit. At the end of the experiment a part of the mesentery of each animal was removed, weighed, ground, and inoculated on agar, as already described above. To correlate the results, the restrosternal lymphatic nodes were also removed in both of these rabbits. (See data of Experiment 1, Table IV ).
As can be seen from the results recorded in Table V , the number of colonies recovered was consistently greater from the site of inflammation than from the corresponding normal area. It is to be noted that precisely similar results had been obtained with a foreign protein (4). These observations therefore represent direct evidence that bacteria are retained in situ by the inflammatory reaction, and consequently fail to disseminate to the tributary lymphatic nodes as readily as under ordinary circumstances.
The Accumulation of Bacteria at the Site of Inflammation
It has been known that injury to tissue may determine the localization in such areas of bacteria or ultrafilterable organisms which may be present in the circulating blood.
Calmette and Gu~rin (14) found that after the back of a rabbit had been shaved, intravenous injection of the virus of vaccinia resulted in a localization of the virus in the epilated area. Kettle (15) showed that tubercle bacilli injected intravenously in mice or rabbits tend to settle in localized subcutaneous lesions produced by various agents which cause increased vascularity and tissue necrosis. Cheshey, Turner, and Halley (16) found that when rabbits with wounds in their backs are inoculated either intratesticularly or intravenously with Treponema pallldum, syphilitic lesions invariably develop in the wounds. Find.lay (17) believed that histamine-like substances liberated at the point of injury are the specific agents which by their action on the capillary wall cause organisms present in the blood stream to locali~ in such an area. Sager and Nickel (18) recently demonstrated that subcutaneous injection of silver nitrate in rabbits causes sterile abscesses. After intravenous injection of green streptococci these organisms were recovered from the abscesses in some rabbits. They concluded that bacteria may become localized in places of lowered resistance. Quednau (19) pointed out that bacteria, especially pneumococci, in the blood stream tend to localize readily in areas of cerebral softening.
In previous studies (1 to 6) it has been shown by the writer that various foreign substances do not merely accumulate from the blood stream in an inflamed area, but also that these substances are held in such an area and are unable to drain readily through the regional lymphatics. The accumulation of these substances at the site of inflammation is doubtless in part the result of increased passage of fluid from the circulating blood, but observations on fixation show that at the same time their escape from the site of inflammation is mechanically retarded by the presence of a network of fibrin and by the occlusion of lymphatic vessels (7) .
Experiments were undertaken to determine whether bacteria, that are fixed in situ when injected directly into an inflamed area, would ac- Two or three areas of inflammation were induced by the injection of 0.5 cc. concentrated broth into the skin of the abdomen of rabbits. After a short interval of time 3 to 7 cc. of saline suspension of either B. prodlgiosus or, in two experimeuts (Nos. 5 and 6), B. pyocyan~s was injected intravenously. After several hours the animal was killed with ether. The skin of the abdomen was treated first with95 per cent, then with 70 per cent alcohol, and finally with sterile distilled water. Inflamed and normal skin areas were removed and weighed separately in sterile petri dishes. An extract of each area was made by grinding it in a mortar with a volume of saline equal to twice its weight in grams. Agar tubes were inoculated with these extracts as described in preceding experiments.
STVDI~S ON INFLAMMATION.
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The numbers of colonies recovered from inflamed and normal areas are shown in Table VI . It is clear that the number of intravenously injected bacteria accumulating at the site of inflammation is distinctly greater than in normal skin areas. These observations are in agreement with the results described above where it was demonstrated that capillary permeability in inflamed areas is sufficiently increased to allow graphite particles to pass through the endothelial wall.
The Failure of B. prodigiosus to Penetrate into an Inflamed Area When Injected at Its Periphery
In previous communications (5, 7) it was shown that trypan blue injected at the periphery of an inflamed area failed to enter it. In addition, microscopic studies revealed the presence of a network of fibrin within the tissues and numerous thrombosed lymphatics at the site of inflammation. Trypan blue injected into such an area is fixed in situ and fails to drain into the tributary lymphatics (1). The failure of the dye to enter the site of inflammation when injected at its periphery, its inability to escape from such an area when introduced directly into it, and the microscopic picture are all evidences that fixation of foreign substances is caused by mechanical obstruction at the site of inflammation in the form of thrombosed lymphatics assodated with a fibrinous network.
To substantiate this point further two experiments were performed for the purpose of ascertaining whether B. prodigiosus injected at the periphery of an inflamed area would also (like trypan blue) fail to penetrate into it.
An area of inflammation was caused by the subcutaneous injection of 2 cc. of aleuronat suspension on the abdomen of each of two rabbits. 15 hours later this area displayed the usual signs of acute inflammation. 0.25 to 0.3 cc. of a saline suspension of B. prodigiosus was injected into five or six areas of the skin immediately surrounding the site of inflammation. In a normal skin area of the abdomen of the same size as the inflamed area similar injections were made to serve as controls. 6 hours later the animals were killed under aseptic precautions. The inflamed and normal areas were removed, weighed, and ground with sand and a volume of saline equal to ten times their weight. The extracts were diluted ten times and 0.1 cc. of the diluted saline extract inoculated in agar tubes as described above. There arose the possibility that the failure of B. prodigiosus to enter the site of inflammation might be due to the rapid circulation at its periphery, which would carry off the microorganisms faster than in a corresponding normal area. To rule out this objection, the skin at the periphery of the site of inflammation and the skin at the site of bacterial inoculations in the normal area were removed and cultured for the presence of the microorganisms.
The results of these two experiments were as follows: It is evident that whereas B. prodigiosus penetrated freely into the normal skin areas, considerably fewer organisms entered the site of inflammation. Furthermore, the number of colonies at the periphery of inflamed areas compared to that at the periphery of normal areas does not indicate that changes in velocity of circulation play a significant part in preventing B. prodigiosus from penetrating an inflamed area when injected at its periphery. These findings, in agreement with previous results obtained with trypan blue, furnish evidence that the fixation of bacteria in an area of inflammation is primarily the result of mechanical obstruction.
DISCUSSION
The experiments reported in this paper present further proof that various foreign substances, including a dye, a metallic salt, a foreign protein, particulate matter, and bacteria injected into the site of in, flammation are fixed in si~u and fail to drain readily intq the tributary lymphatic vessels. These same substances injected intravenously accumulate rapidly in inflamed areas. This accumulation is partly associated with increased capillary permeability, but there is reason to suppose that it is also the result of the inability of these substances to escape from the site of inflammation owing to the presence of a fine network of fibrin and of thrombosed lymphatics. The mechanism of fixation takes place extremely early in the inflammatory process. In previous experiments (1) fixation of a dye at the site of inflammation could be demonstrated by studying the regional lymphatics as early as 30 minutes after injection of the inflammatory irritant. This would indicate that the earliest change in inflammation is an increase in capillary permeability which permits the passage of fibrinogen from the plasma into the tissue spaces. The rapid formation of a fibrin network and of thrombi in lymphatics at the site of inflammation circumscribes the irritating substance and thus prevents its passage into the blood stream. This allows of a definite interval of time for the leucocytes to assemble for phagocytosis. The initial fixation of bacteria or of other injurious substances at the site of inflammation thus becomes a protective mechanism and plays a definite r61e in immunity. Rich (20) has questioned the view that acute inflammation per se can prevent the spread of bacteria. The observations presented in this communication show definitely that a non-specific inflammatory reaction retards the dissemination of bacteria for several hours at least (see Tables IV and V) .
Recently Underhill and his collaborators (21) have shown that whereas trypan blue injected intravenously rapidly penetrates into the edematous part of a skin burn, the reabsorption of the dye from such an area is a very slow process. On the basis of their observations these investigators conclude that increased capillary permeability in one direction may exist simultaneously with decreased capillary permeability in the opposite direction. The experimental evidence presented in the first two papers (1 and 2) of this series although not disposing of the contention renders such an inference perhaps unnecessary. In our studies of lymphatics draining an inflamed area it was readily demonstrated that the failure of the dye to be reabsorbed from such an area was due to its fixation in situ by the mechanism discussed above.
The frequent localization of bacteria from the blood stream in a locus minoris resistentiae after preliminary trauma or other tissue injury is well known to pathologists and clinicians. The observations reported in this paper on the accumulation of bacteria in an inflamed area from the circulating blood stream may explain the mechanism of this phenomenon in terms of increased capillary permeability with resulting accumulation and fixation of bacteria at the point of injury.
CONCLUSIONS
India ink or graphite particles injected into an area of inflammation fail to disseminate to the tributary lymph nodes. When injected into a normal peritoneal cavity they rapidly appear in the retrostemal lymph nodes. When injected into an inflamed peritoneal cavity they are fixed in situ and fail to reach the regional lymph nodes.
Graphite particles injected in the circulating blood stream enter an inflamed area both as free particles owing to increased capillary permeability and also as phagocyted material within leucocytes.
Bacteria (B. prodiglosus) injected into inflamed tissue are fixed at the site of inflammation and fail to disseminate to the regional lymph nodes as readily as when injected into normal tissue.
Bacteria (B. prodigiosus) injected at the periphery of an inflamed area do not readily penetrate into the site of inflammation. The experiments furnish evidence, in addition to that already provided, that fixation of foreign substances by the inflammatory reaction is primarily due to mechanical obstruction caused by a fibrin network and by thrombosed lymphatics at the site of inflammation.
Bacteria (B. prodigiosus and B. pyocyaneus) injected intravenously rapidly enter an inflamed area. It is suggested that localization of bacteria in a locus minoris resistentiae may be explained as the result of increased capillary permeability with subsequent accumulation and fixation of bacteria from the blood stream at the point of injury.
